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PREFACE

This document constitutes one volume of the final report prepared under

Contract NAS9-90k6, Space Station Safety Study, which was ccnducted by the

Aerospace Systems Division, Aerospace Group, The Boeing Company, under the
direction of the Advanced Projects Office, Advanced Missions Program
Of. ce; Manned Spacecraft Center, NASA. The objective of the study was to
develop a management tool for evaluating conceptual designs of future
manned space systems from a safety viewpoint. This objective was achieved
Shrough the application of methodical techniques, which are described

where neceéssary in appropriate volumes of this fin&l report, for enelyzing

space statlon safety problems. This work resulted in the dev?lopdent of -
Crew Safety Guidelines which can be used in evalueting future space :
station ccncepts. '

In Phase I of the study, the work was directed toward a broad class of
space stations, using several specific configurations &g examples, and
considering both ~rew safety and mission accomplishment as safety goals.
’n May 1969, the study was redirected by NASA into Phase II to provide
more direct support to the NASA Phase B Future Space Station Study,
considering only crew safety as the safety goal. To the extent possible,
tL.> work done in Phase I was revised and adapted to Phase II aud all
documents of this final report, except as otherwise noted, include the

. recults from both phases. In both phases the study scope inciuded only

on-ortit operations and not launch, boost, de-orbit, and recovery opera-
tions, or any operations of the loglstics support oystem, except for
clcze~-in rendezvous and docking operations.

The approach taken in the study was to examine the space station from the
viewpoint of safety only, with the intent of identifying as complete a
list as possible of those medsures which should be taken to maximize

crew safety. Also, and especially in Phase II, the study dealt primarily
.with station concepts, rather than specific designs or hardware items.

It was not possible, and no attempt was made, to examine the impact of
safety measures on other important aspects of space station development,
such as cost, design difflculty, or operational suiteability. As station
development proceeds, trade studies between safety medsures and other
factors will be required and management decisions must be made as to the
extent to which other desireble features will be permitted to override
safety measures,

The documents constituting the final study report are:

‘o D2-113070-4, Condensed Summary Report

e D2-113070-5, Crew Safety Guidelines, Volumes I and II .

1i1
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e D2-113070-6, Supporting Analysas

e Analysis of Operations

& Expariment Program

¢ Traffic Pattzrns Analysis
e Human Requirements

e Meteoroid Penetration

e D2-113070-9, Loglc Diagrem

e I2-113070-10, Fault Tree Analysis

® * D2-113070-11, Subsystems Analysis

Other documents produced during the study but not part of the final
" report are: o :

e I2-113070-1, Detail Study Plan (Phase I only)

- e D2-113070-2, Midterm Oral Report

. D2-113070-3, Final Oral Report

e D2-113070-7, Baseline Mission Description (Phase I onlyj

e D2-113070-8, Baseline System Déscription {(Phase I only)

'The references applicable {0 this document are shown irn Se:rtion i&.0.
However, all the references for-thcse documents which comprise the final
study report are compiled in D2-113070-5. ’

iv
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ABSTRACT

: Au analysis of generic subsystems that must be ircluded in a spacecraft
; for a long-duration, munn:d, Earth-orbital missiun ~as performed to
i Lientify notential hazerd. to crew safety, and the possible causes and
i :ffects of these hazardc. The ceuses and effects were analyzed to
(9 determine appropriate safeguards which would prevent or coatain the

notentlal hazards identified. Safety guidelines were written which
B cocompassed all of the re¢commended safeguerds. fhese guidelines are

. referenced in Section 3.3 of this document opposite the safeguarde to
! ~Lich they pertain, and the guidelines themselves are provided in '

s =113070-5 of this report.

KEY WORDS

crew safety
fallu;e analysis
hazards
safegﬁards
safety épalysis

. safety guidelines

subsystem anelysis
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1.0 INTROIVCTION

1.1

Subsystem analyses performed during the Space Station Safety Study consisted
of two separate efforts, Phase I and Phase II. In the Fhase I part of the
study, the subsystems analysis was conducted as s Failure, Safety and
Maintenance Analysis on each subsystem. The subsystems anelyzed were

baced on the Saturn V Single Launch Space Station Study (Reference No. 80).
This snalysis was about 50 per cent completed when the study redirection
resulted in its cessdtion, '

l.2

The Phase II part of the study required a subsystems analysis oriented

to the identification of hezards which could threaten crew safety.

Safeguards necessary to prevent or céntain these hazards were then

recomtended, Safety guidelines based on the recommended safeguards are

included in Document D2-113070-5, Cxew Safety Guidelines, This Phase II

analysls was not constrained to any particuler space station configurstion.

However, most of the wo.k previously accomplished ix Phase I was applicable o
and was used as a baseline for the Phase II effort. . . o
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2.0 PHASE I SUBSYSTEMS ANALYSIS

2.l ANALYSIS

This analysis was based orn the space station subsystems used in the
Saturn V Single Launch Space Station Study (Reference No. 80) and incor-.

. porated in the Baseline 3ystem Description document, D2-113070-8. A

Failure, Safety snd Maintenance Analysis was performed at the component
level for eat¢h o. these subsystems. Each of the components was examined
as tc its function within the subsystem and its relatlonship to other
elements of the subsystem as well as to other subsystems., .Reference No. 80
was the primary source of informatvion tor descriptions of the subsystems
end their componentss - In addition, numerous other studies which used
comparable subsystems were examined to obtain additicnal information for
the analysis. The other data sources are included in the reference list
in Section 4.0. Based cn the informetion avallable, each compénent was
reviewed for fallure modet which could result in a potential hazard to
the crew or mission. The potential hazards were analyzed to identify the
safety provislons which were already included-in the baseline system, or
should be considered, to prevent or alleviate the hazard., . Each condition
was further examined for methods of detecting these critiual failures and
the maintenance requirements for correcting the failure.

2.2 STATUS AND DOCUMENTATION

The analysic was documented on a form which combined the required faiiure,A

‘safety and maintenence data. This analysis would have involved & number

cf iterations before completion. At the time of study redirection (the
end, of Phase T) the first iveration of the subsystem analysis had been
done on the fullowing subsystems: Communications and Date Management,

Crew System, Electrical Power, 8tability amd Control, and about S0 per

cent of the Environmental Control/Life Support System. The analysis forms
for the work completed are included in Appendix A, together with & descrip-
tion of the columns used in the form-end the rationale used in completing
the form. .
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3,0 PHASE II SUBSYSTEM ANALYSIS

Ded : ANALYSIS o O,

Study redire2tion changed the scope of the subcystems analyais eon.cLdarar ..
The study concept in Phace II wac more universal in nature than tha: u“
. Phase I, which was dirccted to specific spacecraft configurations. 7 _
' “bJective of the redirc<cted study effort was to eatablich cafety il iellie
Tor erew 'safety only.  In keeping with this objective, the potesntial
hazerds and safety provisions aspects of the Phace I subcystem: anal.oic
were reviewed, The potentlial hazards, possible .cuuses, and effect:
ldentified In that analysis, were. summarized as presented in Paragruph 2.
below. The Phase I analysis was not completed snd only cne cpecific zpane
¢lation conflguratior was examined. Therefore, concldering the more
nniversal nature of Phase II of the study, it was necessary to expand the
huzard summary to include consideration of other subsystem configurati n..
Tc the extent possible, all of the appropriat¢ referercec =f Secticn +.0
were reviewed., The subsrstem data available were anslywza for poterntially
hazardous situations which were considered inherent in the eguirpment -r
Zsociated with itc wperation. As the potential hazarde ..ve ’GCK.--‘Fu,
they were anglyzed tc determine what safeguards chould te c.ncidered =9
prevent or alleviate the hazard. The recommended safeguard: are pre:.n*e
in Paragraph 3.3. These safeguards formed & basic upon which definitive

T,

¥

safety guidelines were writien for inc*usion in the Crew Salfety Guiae;w z
Adc\ament, D2- 1’3070-,.

32  HAZARD SUMMARY

The following tables summarize the potential hazards identified fro:w an
anaiysis of eacn subsystem ac described in Peragraph 3.L. The "Cau:e"

columh lists possible events or failures whiéh could produce the potential

hazard. The "Effect" colum: lists the possible effects resulting frem er

occurrence of the potential hazard. These effects mesy be cither prirar:

or secondary.
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COMMUNICALIONS AND DATA MANAGEMENT SYSTEM HAZARD SUMMARY

Potentlial Hazard

1. lLoce of external
volce communications

2. . Lcss of internal
volce communications

3. Loss of.date
communication
with ground

i, s of time
reference

f.« Locs of computer
function

Cause

Transmitter failure

Receiver Jalliure

Premodulation processor
failure

Antenne failure

Failure of one or more
sudio centers

Microphone failure

Headset failure

Up-data receiver-decoder
failure

Premodulation' processor
failure

Telemetry failure

Timing unit failure
Up-data recelver=decoder
fallure.. ... 3

Data adapter tailare
Comute- tailure
Power vupply taillure

Effect

Cannot talk to
ground

Cannot talk to
EVA crew

Cannct. talk %o i
logistics vehicles

Can.ot talk to
independent modules

Cannot talk to all
crew members in
space station

Lose of sutomatic up-
date information

" Loss of ground

command capability
Cannot trensmit
data to grourd

Degraded performance
of all time-
referenced equip-
hent; e.g., com-
puter functions,
a.c. power regu-
lation

Degtaded performance
of zpacecraft iys-
tems ard experiments

Loss of date
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tentlal Hazerd

1
i

.

L

EVA equipment

oot .
Saoaure

Pund concamination.....

Fadiation

Crew injury cor
i1llness

TInadequate maintenance

capabilivy

D2-113070-~11

TABLE 3.2-2
CREW SYSTEM HAZARD SUMMARY

Ca.ce

Pressure sult leakage
Cooling circuit failure
CO, removal failure

~-Looling system failure
Water contamination
Inadequate ztorage

Inedequete protection
Excessive time in orbit
RF radiation

.

- Inadequate interior

design

Inadequate restraint
provisions

Inadequate crew operating
prozedures

Inadequate crew warning
system

Lack of replacement parts

Lack of maintenadce
instructions

Faeiiure or lack of
meintenance eguipment

Food

Effect

Crew injury cr iloss

4liness
shortage

Crew

Crew injury or lioss

Increased workload
on remaining crew

Possible emergency
treatment

Degraded syctern
operation’

Limited mission
curation

Emergency support
required
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'-LABI.&' EQZ"'(:

ELECIRICAL _POWER.SYSTEM HAZARD SUMMARY

Potential Hazard

l'

3.

Flre, smoze, toxie
=3 p)
product:

Loss of electrical
power

Power scurce
radiation

Cause——-—

Short circuit:
Bleewnrical overload
Arcing -
Battery overpressure
Overheating

Power .ource failure

Charging system failure

Dictribution system
failure

Power conversion system
faililure

Thermal coatrcl failure

Sclar pane'. damage-..

Thermal contrcl fallure

- Bhleiding failure

Inadequate shielding

Eftect

Atmosphere contanli-
nation '

Crew Injury or
ilinecs

Equlpment daemage

Loss of a.c. puower

Loss of d.c. power

Loss of electrical
equipment
operation

Crew illnes:s or
injury

Electronic cquipment
malfunction

Sval damage

Prepetiant damage




ENVIRONMENTAL COSTEO. LIFE SUPPORT SyYSTHM

‘4

LnZallD SUMMARY

Potential Hazard

1.

L
.

.

Loss of 02

Loss of cavin
pressure

Excessive C0p
Fluid ieakage

Atmossphere
contemination

'Losg of thermal
control

water contaminatisn

of sult Loop

Cause

Kejrulasor tailure

Tank leakage

Tilve faliure

Pluwshing fallure
Thernal :dntrol fallure

Cat in lenkape
Structiral damrase
Reoadation failure

Szab failure

COp remcval failure
Excezcive CO. '‘generation
Execesuive humidi*"

Plomving fallure
Comporent *am;ure"
Seal fallure

"Fiiter clogged or faileid

Fiuld leakage
Fire, smoke
Contaminal.?

failure -
Air oiroviation failure

remuval

Ccmpyonent failure
Radiator failure
Control failu-e -
Alr circulation Taiiure
Heater failure

Purificaticn raiiure
Valve fellure
Improper cleaning
Tork railure

Valve faillure
Component failure

Purification failure
Regrilation fallure

BfYect

Crow 1liness

Decreased micolon
duration

Dangor of tire

05 shorrage

Crea ﬁuﬁary
Lo:s cabin alr

Crvza dlness

C rraminalion
Fire danger
Equipment damnage

Crew illnesc
Eydpment damage

T hot or coid
Freezing fluid lines—

Eguiprent damage——
Unusable O~ sugply

-~

SrevW iLllnes
Water .hortage

Not awvailable in
Smergency
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TAbLE 3.c-*

STABILLT, AND CONTROL SYSTEM HAZARD 3UMMARY

Prtentiel Eniard

re—Lasy o attltuae
control

2. Propellant leakagc

3. Propellant tank

rupture
L, haust plume
5. Pire

Cance

Propellan. cupply fulla

Trruster acsenibly failure

Shutoff valve fallure

CMG failure

Klectronics fail.re

Manual attitude control
rallure

Excessive aocking loads

BMAG failure :

Shutsr? valve fallure
Plumbing failure
Relief valve failure
Tank failure

Meteoroid penetration
Collision with other
cbjects ‘

Tank overpressure —

Inherent to cpacecraft
Cystems

See 2. and 3. above

Effect

Spacecraft tumbalry

Loes of solur panet
criontation

Crew disabled

Lose of experimen:
data

Lozs of propellant

Contamination of
other equipment

Pczsible fire

Damage to spacecraft
or other equipmen:

Injury. to personnel

Possible fire

Damage tc cquipment
or EVA perconael

Dunage to equipmeont
Injury to personnel
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TABLE 3.2-6

STRUCTURES, ME SHANICAL SYSTEMS HAZAKD SUMMARY

Potential Hazard .. ...

.. No airlock capability

2. Docking accident

.. Cannot transfer
resupply Ca&rgo -

“te)

4, Btructural dsmage

Cause

Seal failure
Pressurization failure
Hatch feilure

Pumpdown failure

Control system faillure
Docking equipment failure
Lighting failure

Dceking port damage
Transfer equipment
failure

Micrometeoroid penetra-
tion ‘ .

Faulty handling aad
movement of equip-
ment

Long-term micro-
meteoroid bombardment

Space debris

Collision

- 11 -

Eftect

Rectriona EVA

Reztrints 2rew
cransfer

Leos of atmosphere

Crew Injury

Space vehicle struc-
tural damage

Damage to exterior
aquipment

Danmeged docking port

Crew injury :

Cannot acecmplish
doeking

Cabin pressure loss

Respricted miszion
duration

Cabin pressure loce
Equipment damage
Srew injury or lovs
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RECOMMEITEDT TaFEJUARDS

Las

Y

321

Recommended cafoguard: are presented in tinis sectlon for each of the poten-
tial hazards ldentifica In Paragraph 2.2, The safeguards glven here are
tnoge that coule be provided to preclude the potential hazard from ozcur:sing,
» ©o prevent an adverce conditicn from developing Into a hazardcus situs-
tion., It should be borne in nind. that-a. cubsrystem analycic is tared on
hardware concepts, eni thu:r i cubject to many of the limitaticn: and ~or-
ctraint: Invelved in definitl-n of <hat hardware. Also, the fact that
Lhurdware configurations, howover vreliminary, are being analyced implies a
mich lewer level of detail thur wa. possible to a~hleve in most areas of
the Logic Diagram cr the Faullt Tre. during the current study. On thi.
arezunt 1t might aprear that the erocs-references to tho.e analyses, as
lieted her:, cecasicnally are rather tenuous, but it is believed that hard-
line relationshivs could be derived quite easily with & modicum of additl-na.
logical development,, The value of the crosc-references lies, of course, in
the fact that the other aralyses, which were pertermed nore or less ird-.:-
Pp-ndently frocm each czner, provide supporting concliderations for the puic.-
ines derived. ' o ‘

L

.2

Bniry codes or the following safeguard fabulations aré ac follows?y

8. An entry in the "Analysis Reference" columh identifies the number -f =
tlock in the Lomi~ Divgras (D0-113870-9) or Feult Tree (D2-113070-10)
whizh is asszedated with this waleguard and 215 derivative guideline,
For exemple, "FT 1.2-B" refers tc Fault Tree No. 1, Chart 2, event "B,"
and "LD-1°K" refers . Logic Diagram Chart i%, proposition "K." Pex
cenvenience, verbatim transcripts of the ctateéments rcferenced here ure
given in Arvendix "8" of this docum:rt. but it is recommended that tic
appropriat- docum:onts be cuHsultec to determine the priper contexts and
relationships of the statements quoted.

b.  The "Doc. Kef." .51 o contains reference numbers of the documentc
iisted in Seciium 4.0 which discuss or make reccmmendations simiiar to
thoze given in -n- -afecuards.

c. The "Applic. Guideline" column identifies the pumber of the safety
guideline cortain~d in DE-113070-5 that inccrporates this safeguard.
Some of the wmcre oneral safeguard: have tecn mentioned in s number o
references; in thece cases, only one or two of the more prominent or @ <
tailed treatment.; arc listed in this column.
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4.0 REFERENCES

The-references listed on the following pages were us.d walle performing
vhe aralyses Jescribed in this document, Reference numbers match there

T the maeter reference Llst ziven in Document, D2-LL307"-5, Trew Safety
ualdzlines, .

o
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APPENDIX -A
PHASE I FAILURE, SAFETY AND NAINTENANCE ANALYSIS DATA SHEETS

The ca*a sheets included herein are those which were generdted duriug the
Phase I part of the study as described in Section 2.0. The following
provides mn explanation of the data entries used in the analysis:

a. Nomenclature---The top entry on each sheet identifies the spacecraft .
system or subsy:tem being anelyzed., Subsequent entries on the cheet
identify the individual components or assemblies which were considered
in the analysis. The component list is based on the Saturn V Single
Launcu Space Staticn (SVSISS) study.

b. Quantity---Identifies the number of units cf the particular componeat
which are in the baslc system &s specified in *he SVSLSS study.

te Mod, Lce.---The appropriate module column 1s marked to 1dentify the
l*‘at'on of the component within or on the spacecraft. 4 "U" or "L"
. “he core or laboratory column signifies that the component is
;3atﬂd ‘n the upper or lower deck of +hat mcdules A "B" means the
amponent Ls Located ir both decks. "External® indicates the item 1is
——lacatked. catside of the cpacecraft. Location headings may differ and
rogquire expancion for analyses made—of-oiher specific..cpacecrait
smtimisation.,

i fritical Patlure Mode---A check ls made In the appropriate column(s)
T tdei ity the aritical f£allure mode(s) of the particular component.

co bPorpclal Hoserd Bffect---Licts the potential havards and/or potential
oot than vald result from o the most eritlical fellure of the

Mpanent,

o iazard Sulegory---Entricr in this column are estimates of the worst-
T altuation that could vesult Lf the wconditicn were allowed to
continue withtout any earrective actions The hazard rategorics are
defined as follows:

I ~=-hAny bsizard that cocad recult in immediste Loss or seriour
intur, tv. the Ccrew.

IL ---Any hazard that eouvld recult in cortinucus emergency operation
or cause major Jdamage to the spacecraft.

III---Any hazard that could degrude .the miccion,

;| -==A nulcen~e hasard.
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Safety Provisions---Identifies thcse safety provisions that ere known
- be availatle in the baseline system as well as those that 1t 1s
Telt shouls be madc available

Rouwndanzy Resome.---A check indicates that designed-in redundancy is

‘reeormended £-r this cumponent because of itc criticality to the ¢rsiem,

gccesiihilivy problenm., or other factors.

testlon Method---A check in the appropriate columm(s) indicates which
deupctxon mothod(s) 15 or should te provided to chow that a system
failir: or degradati.n has occurred which ccould have been caused by
thiz component. Th:s d2tecticn method may cr may not specifiically
indleute that this particular compcrent has zalled.

Mairtenance Asticn/Time~--8 check under "Repair,”™ "Replace" and/or
"Servicet indicates tac type(s) of maintenance expected for this
azmponent. The "MITR" (mean-time-ito-restore) entry 1s an estimate of

the mean elapeed time, in hours, required to restore the system to

its expected operating candition after a failure of this componeat

nhas been identified., The figure includec diagnosis, isolation, repair

and check-out time increments. Although no entries were made in the

"Maximum Downtime” column due to Phase I termination, the column has

been rc.ained as a reminaor for its inclusion in the event a similar

anaiy :is is performed atl a later date. Maximun dewntime i the

maximum elapsed time in boures which couid be tolerated before a

failure «f the component would resul¢ in a Categovy Il hazard car:diticn,
assuming Lrat there were no safety provisinne in the system and tha*

no ancrrcetive action was taken.

Maint. Constr,---A check 1 placed In thu appropriatc cclumn designating
a cioul iLant eons ralnt on maintenanae actisne.  "EVA/Pressure-Suit”
Indiraren uvhat Bxorn-Vehicular Actd htj (FVA) or prescure-suited crew
member: Anolde cne opaecrnt, will be reqpdred to perfo.m the malnte-
nance unetione  "Aceesuibliity” meansy that diffioulty may he experlenced
In galniug arccse Lo Lhlo component Lo pert oemo il malntenence actlon,
"Speclai Toli" A v "speetial Preredures™ indicate that thece may be
reqiired t¢ perd:rm the maintenance acticn., A umall letier entered Ln

B column refere o, a slntiarly o oded note glven in the "Remuixke" culumn,

Gelie Reg'd---4 —heck Lo maae th %he appropriate columm(b) to indicate
T "Safely Preocdares*,” "Emergeacy Procedures#,” or "Safety Desi,n”
Gaidelines shinild b toowided to preclude # hazardous condition from
ssurrdng; ar o contalr s condle ton, crieed By fallure of the compo-
nent ander teview, o ke uh&t sandfilon from developlng intc a
hacardous ci'uati .

* e terms pertain L. Phaoe T o0 “he Safety Study, for which This analysis
wf -
gatd

noueced,  During Prace TT, orniy tae clngle categery of “"Crew aafnty
«Llines waAc donclderen,
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m.... Crew Skills---Each check indicates that one crew.member trained in
the particular skill will be required to perform the identified
malntenance action.

n. Remarks--~-Additional infcrmation is provided to amplify the entries
mede in the form. Reference numbers pertain.to the sources given in
Section 4.0 of this document. A swall letter entered in one of the
other columns refers to a ncte in this column.
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Ute of cold nitrogen gas for RCS reduces

“he hazard involved in replacing compo~
nents. However, because of necessity for
EVA, .t 18 recommended that at least one
sovel of redundancy be provided to reduce
need for EVA.

YWTR egsimates assume that RCS components

are designed for replacement.

¥aintenance must considez the pouibh
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went, (e.g., solar arrays, ;ntems).

Rather than have valves to ensble isola-
wion o =acn RCS component, probably could
nave cre ‘aJ.ve at upstream end of system .
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APPENDIX B
APPLICABLF LOGIC DIAGRAM AND FAULT TREE STATEMENTS

As & convenience for reviewing the safeguards glven in Chapter 3.3 of this

document, certain statements from the Logic Analysis, D2-113070-9, and the

Fault Tree Analysis, D2-113070-10, are repeated in this appendix to reduce

the need for having those two volumes at hand. However, if it is desired

to gain more than a cursory acquaintanceship with the relationships between

these analyses, it is recommended that the referenced documents be used to ;
determine the actual contexts and semantic environments of the statements Ao

given here. ' g
1.0 STATEMENTS EXTRACTED FROM Losrc DIAGRAM, D2-113070-9 ‘
'Proposition . ) | o |
___No. Proposition Statement :

4e .Crew members will be able to perform all crew tasks neces-‘

-sary to sustain life.

kp - Normal ground systems will be capable of performing a1 r
ground‘ support functions necessary to crew survivel. (T2) - '

6B . Special remedial systems will protee't all crew members from
&all potentially fatal imedis,te ds.nger not prevented by
. normal systems.

8C Special remedia.l systems will protect all crew members from Rt I
all directly fatal decompression n¢t prevented by normel -
systems.

8p Special remedial systems will protect all crew members from
all directly fatal heat exposure not prevented dy norms.l
systems.

8E Special remedial systems will protect all crew members from
all directly fatal rsdistion exposure not pi'evented by
normal systems.

8F Special remedial systems will 'prdtect all crew mem'bers from
all directly fatal overpressure not prevented by,.nomsl
systems.

8H . Special remedis.l systems will protect all crew members from

all directly fatal exposure t.o chemicsls not prevented by
normal ‘systems.
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Proposition Statement

All spacecraft subsystems will perform their respective

spaceflight operational functions in the manner necessary
to ensure crew survival.

All hardware interfaces among internal equipment will per-~
form their respective spaceflight operational functions in
the manner necessary to ensure crew survival. ‘

All hardware interfaces among external equipment, and other
orbital space vehicles, will perform their respective space-
flight operational functions in the manner necessary to
ensure crew survival, - —

All man/machine operational interfaces will perform their
respective spaceflight functions in the manner necesssry

_to-ensure orew survival.

-All scheduled and unscheduled maintenance functions per-:

taining to the orbital space system will be performed in
the xns.nnsr necesssry to ensure crew survival. . ,

All on-board support resources required during spanefl.tght .
operations will perform 111 ‘the maoner necesssry to ensure
erew survival - ‘ o :

All spscecraft su‘bsystems will be designed and produced to
conform with operational parameters wh:l.ch will ensure crew
survival. - - :

Any spa.cecrsft subsystem which requires built-in redunda.ncy
to perform within acceptable tolerances continuously through-
out the orbital mission will have the necesssry redundancy -
incorperated. ) .

. Any spacecraft-subsystem which requires inflight ms.intenmice
"to perform within acceptable tolerances continuously through-

out the orbital mission will be ms:l.nta.insble in the opera.-
tional environment.

Special remedial s&sﬁems will protect all .crew members from
any immediate danger of directly fatal collision.

Special remedial systems will protect all crew members from
any immediate danger of directly fatal physiological stress
due to tumbling, rotation, or linear motion.

)
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Proposition .
No. Proposition Statement
12E Special remedial systeme will perform all corrective actions
necessary to sustain life that are not performed by assigned
crew members,
13C Speciel remedial systems will protect all crew members from . s
any immediate danger of directly fatal collision of space-
craft equipment with crew members. 4
13D Special remedial systeﬁs will protect all crew members from - |
any immediate danger of directly fatal collision of flying
debris with crew members.
. 13F Special remedis.l systems will protect all 'crew‘ members from
o any immediate danger of directly fatal collision between one
erevw member and another. .
14B No :meediste danger of crew loss will exist. )
15¢c “There will be no 1nnnediate danger- of direct crew loss from :
“lack of vital _supplies. ‘ ‘
15E There will be no 1mmediate ds.nger of direct crew loss trom
_ lack of oxyger\..
15K - There will be no immediate danger of. the rate of supply of
breathable oxygen to any crew member decreasing below the
- yate necessary to sustain life. , ,
16C There will ‘be no immediate danger. .of..dizectly fatal. exposure
' of any crew member to decompression. } ) '
. 16D " There wilJ. be no immediate danger of directly fatal exposure
of any crew member to hest.
16F There.will de no immedtate da.nger of direct_y fatel exposure g
. of any crew member to overpressure. (Th.2)
16H There will be no innnedia.te danger of directly fatal’ expésure |
of any crew member to chemicsls. .
1TE There will be no immediate ds.nger of directly fatal pﬁysio- ‘
o logical stress from tumbling, rotation, or linear moticn.
18D There will be sufficient time for available cre+ members to )
accomplish any human task necessary to sgstain life. RS ‘"',..
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. 241
270
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30E

D2-113070-11

O
Proposition Statement

All necessary resources will be availsble to any crew member
performing any human task necessary to sustain life.

No erew member will contract any potentially fatal infection
during his orbital stay. ' . ' -

No crew member will contract any infectious illuess during

- his orbital stay. .

There will be adequate medical facilities in the spacecraft
to treat any potentially fatal 1llness contracted by any
crew member during his orbital stay. . o '

There will be adequate medical facilities in the spacecraft
tc treat any potentially fatal injury sustained by any crew
member during his ofbital stay. = - . o

No crew member will be injured By overpressure. (Th.1)’

The crew x,nembérs 'aﬁ}aila.ble to ‘;:)e_r'form tasks heceésdry‘ to ' SN
sustain life will not have been incapacitated by direct - {)

physical impairment from external causes.: :
No human task necessary to sustain 11fe will be beyond the
physical capaebility of normal people. . o
The locations and activities of crew members will make . =~ .
technically capable crew members available for performing
any human task necessary to sustain life. ‘
There will be at least one crew member technically capable

of performing any extra-vehicular human task necessary to
sustain life. ' : :

The temperature environment of each crew member will permit

-vital basic metabolism and thermal contro.. functions of a

normal watrained .huma.n bo@y C

Edible food and potable water will be accessible to all crev

members under conditions that permit eating and drinking by
normal untra.ihed people sufficiently to gustain life.

The environment of any crew member will not pragvent sufficient
elim’nation of body wastes to sustain life by any normal un-
trained person, } -
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Proposition .
No. ~ ‘Proposition Statement
316 No crew member will become.physically 111 during his orbital
stay due to infection.
32B No erew member will be injured by exposure to chemicals . ;
during his orbital stay. ;
32C No crew member will be injured by any form of relative motion I
' during his orbital stey. . |
32D No crew’ member w.l.ll be injured by heat during his orbital
: stay. . ‘ ) : %
322‘ No crew member wnl be in,jured by radiation during- his v D
orbital stay. . ,
33E ' Any immediate danger of any crew member being subJected to
directly fatal lack of oxygen will be potentielly correctable.
33T © = Special ranedial systems will be potential.ly capablé of,
. . supplying any immediate Oxygen naeds of an,,r crew memoer not
supplied by normal systems.
e Any {mmediate danger of any crew member being su‘bjected to ,
" any directly fatal: decompressian will be potentially correct-. - d4
o 3h1 Any imnediate danger-of .any crew member being sm;,}ected to ‘
. directly fatal exposare to chemicals wi].l be potentially o
‘correctable, : '
35B Any inmed.ie.te danger of directly fatal. collision-uill. he._-.._.--___.
: potentially correctable. .
35E "~ Any inmediate danger of ‘directly fatal physiological stress 5
from tumbling, rotation, or linea.r motion will be poten-
ti.ally correctable. ) )
38C ~ There will be no potentially dangerous sources of radiation
on-board the spacecraft other than nuclear power plants for
-the genera.tion of spacecraft power. (Th .l
LOB A solar radiation waming system will not fa.u, to pimride‘
signals, recognizable by each crew member as instruction to _ 3
seek protection, in time for all crew members to go to a |
shielded haven in the spacecraft before solar radiation te-
comes of fatal type and intensity.
, -7 - ‘
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Prcmosmi'on Statement

There will be cne or more havens in. the spacecraft that are
shielded from all potentially fetal solar radisticn and
capable of holding all crew members.

Special remedial systems will supply to all crew members all

immediately necessary oxygen not supplied by normal systems.

Normal systems will maintain immediately necessary oxygen by
replacing oxygen that 1is consumed, dissipated, or removed
from the volume immediately available to each crew member.’

‘There will be no failure of noymal systems for storing and
conducting to crew members replacement oxygen for any im-

mediately nécessary oxygen that is consumed, ‘dissipated, or |

- removed from the volume immediately available to each crew

i

Couke
WD

e

45B
ise

468

member and not replaced from oxygen salvaged from atmospheric
-~ &as removed from crew loca.tioz;s. ‘ :

- Atmospheric gas whose contaminant levél fipermits breathing

without physical illness by normal untrained people will be

- supplied to each crew member.

s

Atmospheric gas whose partial pressure of o:iygen permits .
breathing without physical 1llness by normal untrained people

will be supplied to each crew member.,

A 3 : ) )
‘Atmospheric gas whose temperature permits ‘breathing without

physical illness by normsl untrained people will be supplied
to each crew member. ™ .. . »

Atﬁospheric gas whose' total pressure ‘permits breathing with-"
-out physical 1llness by normal untrained people rill be

supplied to each crew member.

Any atmospheric gas, in crew. locations that are being con-.
taminated with any material that prevents its safe breathing,
will be removed or diluted at a rate that ensables cantinued
breathing by normel untrained people without illness.

All-crev members will be removed, rapidly enough to prevent
illness, from any location whose atmosphere is becoming -

. contaminated with any material that prevents safe breathing
~ by normal untrained people.

Any equipment features whose manipulation is an extra-
vehicular human task necessary to sustain life will be
accessible and operable by a normal person.

- 76 -
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Proposition .
No. Proposition Statement -

o fectesmie

Lép - Any eq,uipmnt features whose manipulation 12 an intra-
vehiculer human task necessary to sustain life will be
accesslble and operable by & normel person.

LR Any equipment in the spacecraft whose manipulation is a non-
h routine task necessary to protect crew members from directly
- fatal physical injury from external causes will be accesaible

and operable Dy normal people. w

488 The spacecraft structure will permit access by & normal
- pereon to any equipment in the spacscraft whose' msnipulation” T
is nﬂceasnry to provide vital supplies to any crew member, ' ‘ ‘

"48C  Arrangement of equipment in the spacecraft wlll permit
: access by a normal person %o any equipment in the spacecraft
whose manipulation is necessary to provide vital supplies
to any crew membar., :

LEE : Any equipment item, materials » supplies s ‘Spare parts or. . :
'~ tools whose manual transportation 1s necessary to provide i
vital sypplies to- a.ny ‘erew member will be tmsportable by . i

noimal people.

4W8F - = Any.opening, clmsing, removal, repta'cement, dissssembly, or
.~ assembly operation in the spacecraft necessary to provide i
vital ¢upplies to any’ crew man'ber will be performable by B ) ¥

_normak’ people. -

L8H ‘Any visual indicators on equipment i‘n"tue' spacecra.tt ‘whose c
recognition is essential to properly perform operations .. ¥
. hecessary to provide vital supplies to any crew member will i

be clearly visi‘ole to persons with noml sight. -

L81 Any guditory signals rrcn equipment in the spa.cecra.ft whose 7
» recognition is’ essential to properly perform operations = -
. necessary to provide vital supplies to any crew member will
y be clearly audible t4 persons with normal hea.rins

50E- ALl vital crew tasks not performed by assigned crew members
using designated equipment will be: pertormed by other means, ‘

51B Systems produced a.nd used for some other basic purpose will P
© ' protect all crew members, not protected by normal or special : !
- remedial systems; from all immediate danger of directly fatal. |
- inJury from externsl causes. ‘ o
528 -+  There will be no immediate danger of directly fatal ccllisicn
of meteoroids with crew members.

- 77 = K




D2-113070=11 '

Pro_position ‘ . i %
No. ‘ Proposition Statement _ Y

52C -There will be no immediate danger of directly fatal collision
of spacecraft equipment with crew members.

52D There will be no immediate danger of directly fa.tal collision
of flyi.ig debris with crew members.

53 There will be no immediate danger of directly fatal collision f ‘
of the spacecreft proper with crew members due to spacearafi - ‘
-rotation. .

578 ' Shielding of nuclear power plants on the spacecraft will be ‘ o
sufficient to prevent any nuclear excursion from constituting
an immediate danger of directly fatal ra.dia.tion exposure of :
a.ny crew member. ‘ ) |

s C‘ontainment vessels will not permit fluid radir)aetive materials : o
‘ t0 leak from shielded spacecraft nuclear power resctor compart- A
. ments into crew areas.

STE The effectiveness of spa.cecra.ft nuclea.r power res.ctor shield-
' ing in preventing fatel ‘crew member exposure will not be .
, destroyed by structura.l damage.

5TF No crew member will be in immedia.te da.nger of d:trec‘tly fa.ta.l . O
o radiation exposure during repair, refurbishment, or refueling .
of spacecraft nuclea.r power res.ctors. '

58D 4 Nuclear excursions of sps.cecraft primary power reactors will
never exceed the upper limit of power excursion levels
specified to activate all emergency ba.ckup controls.

598 ' There will be no immediate danger of any crew member swallow-
ing a.ny poisonous chemical that would be directl)__f fatal.

59D There will be no immediate danger of the skin su.rfa.ce of any - ’
crew member being contaminated with a.ny chemical thst '-rould o e e
be directly fe.tal : Lo

‘59F No crew member will ‘be in immediate danger of directly fa’ce.l - )

. exposure of laryn areas of h:l.s body to any poisonous or i : )

corrosive chemical.

60D Any supplies » materials for experiments, or spacecraft
‘ materials that constitute a deadly contact poison will be
kept contained and coutrolled in a manner that does not
present any immediate denger to the life of any crew member.

-
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" Proposition Statement

Any deadly ccntact poison that is generated by accident or
by any experimental, housekeeping, spacecraft operation, or
logistics activity will be contained and controlled in a
menner that does not present any immediate danger to the
life of any crew memher.

No supplies, materials for experiments, or spacecraft

- materials will constitute a poison that would be directly

fatal if breathed.

Any supplies, materials for experiments, or spacecraft
materials that constitute a poison that would be directly
fa.ta.l if breatiied will be contained or controlled in a

. manner that does not present ‘any innnedia.te da.nger to the

life of any crew member,

Any poison generated by accident or 'by any experimenta.l "

. housekeeping, spacecraft operation, or logisties activity -

that would be directly fatal if breathed will “be contained
or controlled in a manner that does not present any innnedi- .
ate danger to the life of any ecrew member. . -

Any imnediste danger of directly fa.ta.l collision of flying
debris with crew members will be potentially comctable.

. ‘Crew members will per:t’orm all medical tasks necessary to.
treat critical injuries. (T%.1)

Crew members will perform all medlcal tasks necessary to
treat critical infections. (T4.1):

No crew member will ‘oe inca.pacitated by "eicposm'e to chemicals.

No crew member will be inca.pacita'bed by exposure to a.ny tox:l.c
chemical. o .

No crew member will be :Lnea.pacitated by exposure to any
noxious chemica.l. "

No crew member will suffer disabling 1mpa.irment of vi.sion 3
due to exposure to light. g

Special remedial systems will provide ‘means of tra.vel, or
escape, to a safe haven in the spacecraft in case routine
means are inadequate. o

R
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NI ¢ B | UNDESIRED EVENTS EXTRACTED FROM FAULT TREE, D2-113070-10 : é* )
Event No. Event Statement
1.1-C Crew merbers are exposed to decompression. f‘
1.1~D Decompresasion eventuetes from lcss of spacecraft pressure
supply. '
l.1-E Decompression results from failure of spacecraft pressure
retention. I
" l.d-F Decompression eventuates from failure of pressure suit supply. | ‘
1.1-G Decompression results from failure of pressure suit pressure ‘
- retention. | i_
lel=d Failure of pressure retention results from failure of

struc.tural matrix. : ‘ : L o , o iR

©l.-L Crew exposed and protective sction not. eccomplished through . g
e ~ use of, emergency equipment. IR T e }

l.1-M - Créw exposed and protective action not accomplished_through
' - emergency procedures. -

'1.2-3. - I..oss of pressu.re suit pressure retention results from suit L -
assembly failure. ) o o b
1.2-C - Loss of pressure sult pressure retention results from suit.- T
damege. . , o . _ " .
1.24G Demage results from pressure suit tear. ' - |
1.3-C ' Structural matrix fs.ilure results from damage daring space
. cperations. e o
1.3-G - Failwe results from meteoroi.d a.mpact.
leb-c.. . ‘Feilure results from loss of ‘"subsystem function.
1.4-F Loss of subsystem function resul.ts in spacecrsft pressure ’
Qump. - , i ‘ \
1.5-C -~ FEmergency edu:ipment is nonexistent‘- at“time req_uired;
1.5-E ' Emergency equipment inoperative due to ‘damage from eﬁ‘ects .
of ﬂ"compression.
1.7-G Damage results from logistic support opera.tions.
1.7-K ~ Damage occurs during logistic vehicle docking operations. “ 5 O
- 80 -
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1.12-D
2.1-E
2.3-D
2.3~

‘.2.5-D“

£.6-D

e

,,
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23]
-

]
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Event Statement ;'

Explosive failure of 1liquid system results from inadequacy
of system location.

Crew members are injured thru.exposure to potentially fatal
heat.

InJury results from exposure to heat genérated by chemical
reaction.

Injury results from fire occurring within a normally manned
area of spacecraft. : .

Electrical System component heated through electrical systenm
fa.Ult. ! .

Fire ocxurs of a hypergolic or pyrophoric nature.

Fuel, oxygen, and ignition source are provided as separate -
entitien. ‘ S : -

Combustible materials are present (fuel source).
Injury results from failure to control fire.

Escape action is not»facilitated by fire eﬁergéncy procedures,

Explosive ~ombination of materials and environment exisfs.

Equipment is”inopefative due to damage effects of fire.
Equipment is not automstically activated.

Emergency fire control action is hot facilitated by the
fire emergency warning system.

‘The fire warning system is inadequate at the time required.

An electric power source produces an eléctrical arc for

ignition. '

Operational breakdown results from high temperature ekceeding
finotional capability of subsystem. o _ ‘

Fire results in overtaxing equipment’opération.

Crew members lack radiation protpction due to inadequate
radiation shielding. N

- 81 -
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Event No.

3.2-K
3.3-J

3.4-D

3.4-G
3.5-C

305‘H

D2-113070-11,

Event Statement
Flare-produced high energy solar particles_are present, .

A nuclear induced artificial orbital radiation environment
is present. =

Deficient personnel radiation exposure monitoring provisions
(dosimetry).

Accumulated radistion exposure not recognized.

Crew members lack radiation shielding while exterior to the
spacecraft. :

Shielding is not adequate, by design, to protect age.i.nst the
expected environment

-82 - ) B
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